and that at rest (r= -0.52, p<0.05). Heart rate after PTMC during exercise was significantly lower than that before PTMC, indicating that the compensatory mechanism (tachycardia) to increase cardiac output during exercise is less necessary after PTMC. Thus, we conclude that the mitral flow dynamics during exercise is improved, as well as the resting mitral flow dynamics 5 days after PTMC, and that exercise Doppler study enabled us to make a noninvasive evaluation of the mitral flow dynamics in patients who receive PTMC. (Circulation 1990;81:46-51) P ercutaneous transvenous mitral commissurotomy (PTMC) has been shown to be a new therapy for patients with mitral stenosis.' Several lines of evidence suggest that PTMC results in the separation of fused commissure comparable with surgical commissurotomy.2 3Although improvements in mitral flow characteristics at rest were observed immediately after the procedure,2-5 this procedure is to be
patients with mitral stenosis. Exercise Doppler study was performed 2 days before and 5 days after PTMC. PTMC increased mitral valve area from 1.0+±0.3 (mean±+SD) to 1.9±0.5 cm2 and decreased mean transmitral pressure gradient from 8±2 to 4±1 mm Hg at rest. Moreover, PTMC decreased mean transmitral pressure gradient from 21±6 to 11±4 mm Hg at submaximal exercise. The extent of an increase in mitral valve area by PTMC correlated with a decrease in the mean transmitral pressure gradient at the submaximal exercise (r= -0.76, p<0.01) and that at rest (r= -0.52, p<0.05). Heart rate after PTMC during exercise was significantly lower than that before PTMC, indicating that the compensatory mechanism (tachycardia) to increase cardiac output during exercise is less necessary after PTMC. Thus, we conclude that the mitral flow dynamics during exercise is improved, as well as the resting mitral flow dynamics 5 days after PTMC, and that exercise Doppler study enabled us to make a noninvasive evaluation of the mitral flow dynamics in patients who receive PTMC. (Circulation 1990 ;81:46-51) P ercutaneous transvenous mitral commissurotomy (PTMC) has been shown to be a new therapy for patients with mitral stenosis.' Several lines of evidence suggest that PTMC results in the separation of fused commissure comparable with surgical commissurotomy.2 3Although improvements in mitral flow characteristics at rest were observed immediately after the procedure,2-5 this procedure is to be validated by the observation of mitral flow dynamics during exercise because mitral stenosis critically limits the mitral flow during exercise and can provoke hemodynamic deterioration. Because PTMC required less invasive technique to patients, improvements of mitral flow characteristics during exercise can be assessed immediately after the procedure. Although McKay reported considerable improvements of exercise hemodynamics 3 months after PTMC using a catheterization technique,6 there is no evidence of whether mitral flow dynamics during exercise are improved soon after PTMC because repeated catheterization could not be performed in this period due to technical limitations. 3 Doppler echocardiography is a noninvasive and reliable method to assess the mitral flow characteristics7 and can be applied to the exercise test.8 To determine whether mitral flow dynamics during exercise are improved soon after PTMC, we studied the mitral flow velocity by Doppler echocardiography 2 days before and 5 days after PTMC. II  I  SOB  Af  68  0  0  26  II  Mo  2  49/F  II  I  SOB  Sinus  66  0  I  26  15  III  Mi  3  36/M  II  I  PND  Af  55  I  I  28  0  Mi   4  45/F  II  I  SOB  Sinus  51  0  I  26  0  0  5  62/F  II  I  SOB  Af  61  0  I  26  0  Mi  6  41/F  II  I  SOB  Sinus  60  0  I  26  II  Mi  7  44/F  II  I  SOB  Sinus  60  0  I  26  0  0  8  50/M  II  I  SOB  Sinus  52  I  II  26  0  0  9 62 enough to assess mitral flow dynamics. No complication was noted during exercise, except for sporadic atrial premature beats during exercise and the recovery period in one patient with sinus rhythm. Figure 1 shows the representative Doppler recordings of mitral flow velocity at rest and during exercise. Mitral flow velocity markedly increased before PTMC. After the dilation of mitral valve by PTMC, the deceleration slope of the rapid filling wave became steeper at rest, and flow velocity during exercise was much lower than before PTMC.
Changes in Mitral Flow Dynamics at Rest PTMC decreased pressure half-time of rapid filling wave, which indicated an increase of mitral valve area from 1.0+0.3 to 1.9±0.5 cm2 (mean+SD; p<0.01) ( Table 2 ). The increase in mitral valve area significantly decreased both transmitral pressure gradient and flow velocity integral at rest. The mean transmitral pressure gradient was 5 mm Hg or less in all patients after PTMC (Figure 2 ). Although there was no significant correlation between mitral valve area and mean transmitral pressure gradient at rest before or after PTMC (r= -0.25 and r= -0.39, respectively), a significant correlation (r= -0.52, p<0.05) was observed between the extent of an increase in mitral valve area and a decrease in mean transmitral pressure gradient at rest after PTMC (left panel in Figure 3 ).
Before PTMC After PTMC Changes in Mitral Flow Dynamics During Exercise Before PTMC, transmitral pressure gradients markedly increased according to the increase in exercise work load (Table 2 ).
An increase in mitral valve area by PTMC effectively attenuated the extent of an increase in transmitral pressure gradient during exercise, however, the mean transmitral pressure gradient at EX2 was widely varied at 4-21 mm Hg (Figure 2 ). The extent of a decrease in mean pressure gradient at EX2 after PTMC highly correlated with an increase in mitral valve area at rest (r=-0.76, p<0.01) (right panel in Figure 3 ).
Although resting heart rate did not change as compared with that before PTMC, heart rate during exercise showed significantly lower value than that before PTMC (p<0.01, both in EX1 and EX2, by paired t test) ( Table 2 ).
The mean value of pressure half-time minimally changed during exercise both before and after PTMC (Table 2) , however, changes in each patient were not unidirectional ( Figure 4 ).
Mitral flow dynamics are markedly improved after PTMC as previously shown, however, their responses to exercise were not the same as in the healthy subjects. Transmitral pressure gradient showed significant increase during exercise even after PTMC. Flow velocity integral also showed significantly higher value at rest than in healthy subjects and decreased during exercise, whereas it did not change in the healthy subjects ( 
Clinical Significance of the Present Study
In the present study, transmitral pressure gradient was markedly increased during exercise in patients before PTMC. This enhanced gradient can reflect an increase in the left atrial pressure and, hence, exacerbation of pulmonary congestion during exercise because left ventricular diastolic pressure is minimally changed due to the limited filling volume.6 [11] [12] [13] Because the extent of an increase in transmitral pressure gradient during exercise is significantly attenuated after PTMC, pulmonary congestion during exercise can be dramatically improved.
Heart rate at the same work load was significantly attenuated after PTMC, although resting heart rate was not changed (Table 2) . Tachycardia is known to be a compensatory mechanism to maintain cardiac output during exercise in patients with heart failure.' 4 Thus, attenuation of heart rate increase after PTMC indicates that improvements in mitral flow dynamics can ameliorate the hemodynamics during exercise. Kawanishi et al15 suggested that mitral valve area increased during exercise in some patients after PTMC. In healthy subjects, the increase in mitral flow volume during exercise is derived from an enlargement of the orifice areas, and flow velocity integral does not change during exercise (Table 3) . 16 On the other hand, flow velocity integral in patients after PTMC was larger than in the healthy subjects at rest, and decrease in flow velocity integral during exercise was still enforced with an increase in transmitral pressure gradient ( First, severity of mitral stenosis is usually determined by mitral valve area, mean transmitral pressure gradient at rest, or both, although the cardiogenic symptoms are usually evident only during exercise. Because the transmitral pressure gradient partly depends on the transmitral flow volume and ventricular function, patients with low cardiac output show low-pressure gradient at rest. In such patients, calculation of valve area can be erroneous, and it is difficult to determine whether mitral stenosis critically limits the transmitral flow volume during exercise and whether PTMC can improve the hemodynamic deterioration and, hence, cardiogenic symptoms. In contrast, the increase in transmitral pressure gradient during exercise indicates the limited transmitral flow volume and can certainly reflect the severity of mitral stenosis for the individual patient. The increase in pressure gradient during exercise after PTMC also clarifies whether the acquired valve area is adequate for the transmitral flow volume of the patient; mean transmitral pressure gradient at EX2 widely varied at 4-21 mm Hg, whereas that at rest was only 2-5 mm Hg after PTMC (Figure 2) .
Second, when we observe the exercise mitral flow dynamics using the catheterization technique in the management of PTMC, repeated procedures increase the risk of complications and can be expensive, due to the cost of catheterization itself and hospital charges. In contrast, Doppler echocardiography is neither invasive nor risky and is suitable for repetitive assessment of the mitral flow dynamics during exercise.
Third, exercise Doppler study can be applied to the outpatients to determine the indication of PTMC and also to the patients receiving PTMC in the catheterization room, using arm exercise to evaluate the extent of a decrease in transmitral pressure gradient immediately after the procedure. Limitations 
